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“To describe my mother would be to write about a hurricane in its perfect power. Or the 
climbing, falling colors of a rainbow.”  
— Maya Angelou 
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This thesis is an extension of the independent project I began in the spring of 2018. In 
this project, I began researching the life histories of the individuals within the Wellesley College 
Skeletal Collection. However, due to a fire in 1914, most of the records and basic information 
about these individuals was lost. The identities of the individuals within the collection is 
unknown. Therefore, we must rely on other anthropological principles grounded in the scientific 
method to determine important facts about these individuals and their life histories.  
Previous work by Izzy Starr has contributed to our understanding of the lives of these 
individuals. From their work, they have determined that most of the collection was female (Starr, 
2016). As a result of this finding, I became curious of whether those individuals within the 
collection were mothers, and whether their status as nulliparous or parous  would increase the 1
likelihood of their internment within a skeletal collection. After collecting the skeletal 
measurements of 15 pelves, I estimated biological sex using the Phenice Method (Phenice, 1969) 
and age using the Suchey-Brooks method based on classification of pubic symphysis 
morphology (Brooks & Suchey, 1990).  
Following this work, I statistically compared the presence of historically termed “scars of 
parturition” to age, sex, and presence of other scars of parturition. Without more comparative 
data (i.e. knowledge concerning demographic information of each individual), finding conclusive 
results remained difficult. Few studies have used a modern skeletal collection of individuals with 
known demographic information, where many of these variables can be tested within a single 
1 Parturition is the process of giving birth to offspring, including pregnancy, labor, and childbirth. Nulliparous 
defines an individual who has never given birth, whereas parous defines an individual who has given birth. 
Individuals can be further specified as uniparous (giving birth to one child) or multiparous (giving birth to multiple 
children). 
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individual. In addition, the established relationship between certain pelvic morphological 
characteristics and parity status has been tenuous at best. Dorsal pitting has been favorably 
viewed as a potential method of parity determination. However, other explanations have been 
offered to influence the development of dorsal pitting. These include sex, stature, pelvic 
architecture, and weight. Dorsal pits on the pubic symphysis have also been found in nulliparous 
women and men. Additionally, women who have given birth may not present with dorsal pits 
(Decrausaz, 2017; Holt, 1978; Maass & Friedling, 2016). 
In creating this thesis, I hope to bridge this gap of understanding within anthropology. I 
aim to evaluate current explanations for the development of pelvic scarring in relation to 
pregnancy and childbirth. In doing so, I hope to identify potential causal factors besides 
parturition that can contribute to the development of these scars. Therefore, the aim of this study 
was to compare multiple demographic characteristics within a single individual (namely age, 
stature, sex, parturition status, and number of children) to see if there is any demonstrable effect 
on pelvic morphology. 
Historically, research regarding pelvic morphology has centered on its relationship to 
parturition, despite the results of said research determining no conclusive relationship. In 
performing this study, I hope to highlight that there is no direct relationship between parturition 
and pelvic scarring. Instead, the results of this study will point towards a new avenue of research. 
Namely, I hope to determine potential factors that can contribute to the presence of these 
markers, and determine whether parturition can instead be a contributing, rather than sole, factor 
in the development of pelvic scarring. 
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In chapter one, I will provide a brief explanation of the human birth mechanism and 
pelvic anatomy. This includes a summary of important debates within anthropology (namely the 
evolution of bipedalism and the Obstetric Dilemma), an outline of the endocrine and 
biomechanical effects of pregnancy, and an explanation for how these effects can manifest in the 
pelvic bone. Afterwards, I will provide an overview of foundational anthropological literature 
regarding pelvic scarring research, and highlight the ambiguous relationship between these scars 
and parturition status.  
Chapter two will describe the Maxwell Museum’s Documented Skeletal Collection and 
establishes criticism of the collection that should should be considered when interpreting the 
results of this thesis. A brief explanation of how pelvic scars were measured and the statistical 
treatments applied to that data will follow discussion of the collection. The resulting data 
analysis will show that, although there is a statistical relationship between dorsal pitting, stature, 
and sex, there is no relationship between the supposed “markers of parturition” and parity status. 
Finally in the discussion, I will discuss the findings of my research and put it into conversation 
with prior research within the field, and argue in favor of exploring other potential explanations 








CHAPTER ONE: BACKGROUND 
The ability to identify whether an individual was pregnant or delivered children through 
skeletal remains alone remains a fascinating, yet elusive, endeavor in biological anthropology 
and forensics. Pregnancy and childbirth remains a complex interaction of metabolic and 
endocrine changes, as well as an elaborate interplay of muscle, ligament, and bone to facilitate 
childbirth. Bone is a connective tissue that attaches to muscle in order to facilitate movement and 
provides support. Therefore, skeletal remains provide a valuable means for learning the 
biomechanics of childbirth, and how the body responds to the energetic demands of pregnancy. 
Human skeletal remains can provide insight to the lives of individuals in past cultures 
when other archaeological materials are unavailable. Because bone is living and dynamic, it 
responds to the influence of life events. Therefore, it is reasonable to question how bone reacts to 
the excessive forces of childbirth, the hormonal changes associated with pregnancy, and the 
increasing energetic needs of the fetus throughout pregnancy. Therefore, studying the biological 
reactions of bone to pregnancy and childbirth can lead to improved methods of developing an 
accurate biological profile of an individual through human skeletal remains alone. 
1.1 Pelvic Anatomy  
The human pelvis is an important piece of evidence during any archaeological or forensic 
investigation, as the pelvis contains significant demographic characteristics of the individual. 
Through analysis of the os coxa alone, an individual can develop a fairly accurate estimation of 
age (Buckberry & Chamberlain, 2002) and sex (Phenice, 1969).  
The pelvis is an integrated complex of bones located at the base of the axial skeleton. It is 
composed of paired os coxae, the sacrum, and coccyx. Each os coxa is composed of an illium, 
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ischium, and pubis. During development, the ilium, ischium, and pubis fuse at the acetabulum to 
form into one os coxa (Verbruggen & Nowlan, 2017). The os coxae anteriorly articulate through 
the pubic symphysis, a cartilaginous synovial joint. The sacrum connects the os coxae posteriorly 
through the sacroiliac (synovial) joints.  
Figure 1: Fused Left Os Coxa. Lateral View. (Gray, 1918) 
 
The pelvis is sexually dimorphic, and is therefore reliably used to determine the sex of an 
individual. Compared to the human male pelvis, the female pelvis has a flatter, less curved 
sacrum, and the pelvic inlet is generally circular, instead of heart-shaped like in males. Females 
also have a larger angle in the greater sciatic notch, which everts the ischial bodies. These 
characteristics together result in a parallel-sided birth canal, rather than the funnel-shaped birth 
canal in males. Females also have a concave ischiopubic ramus, which contributes to their large 
subpubic angle compared to males (Leutenegger & Cheverud, 1982: 443-444). These features 
enlarge the pelvic outlet in female pelves, allowing more room for the infant to pass through the 
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birth canal. The human female pelvis is morphologically adapted towards reducing mortality and 
morbidity associated with birth through easing the birthing process. 
Figure 2: Male (left) and Female (right) Pelvis. Superoanterior View. (Gray, 1918) 
 
The human birth mechanism is relatively complex. During birth, the infant is typically 
facing the dorsal wall of the birth canal with its head flexed (Trevathan, 2015). Because the 
entrance to the birth canal is wider mediolaterally than anteroposteriorly, the neonate enters the 
birth canal sideways due to the fetus’s larger anteroposterior head dimension. Towards the pelvic 
midplane, the pelvis is wider anteroposteriorly rather than mediolaterally. This results in the 
fetus rotating its head to align anteroposteriorly (Weaver & Hublin, 2009). As the fetus moves 
underneath the pubic arch and anterior to the ischial tuberosities, the fetus unflexes its head 
through the subpubic angle (Aiello & Dean, 2002; 444). This double-rotation process of birth is 
decidedly different from other primates (Trevathan, 2015). 
This double-rotation is an evolved process resulting from the physical constraints in the 
pelvis. Compared to other primates, the birth canal is severely restricted in size. This is most 
likely due to the transition from quadrupedal to bipedal locomotion (Aiello & Dean, 2002: 443). 
6 
In order to facilitate bipedal locomotion, humans have shorter iliums than other primates. Due to 
the reduced distance between the sacroiliac and hip joints and the lower position of the sacrum 
(thereby forming a dorsal wall to the birth canal), this shortens the anteroposterior diameter of 
the birth canal (Tague & Lovejoy, 1986). Further, the human brain is highly encephalized. 
Therefore, the infant brain must still be small enough to pass through the birth canal. 
Figure 3: Comparison of primate birth canal and neonate head dimensions. (Rosenberg & 
Trevathan, 2005) 
 
 The human neonatal head is approximately the same size as the human birth canal, 
making birth relatively difficult. For other great apes, the diameter of the birth canal is far wider 
than the width of the neonate head (Rosenberg & Trevathan, 2005). Primates are more likely to 
have sexually dimorphic pelves if offspring have larger head dimensions than the dimensions of 
the birth canal (Leutenegger & Cheverud, 1982). Further, the human pelvis is far more rigid in 
structure than primate pelves as a result of bipedal, rather than quadrupedal, locomotion 
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(Trevathan, 2015). This trade-off between the size of the brain and the ability for the infant to be 
born serves as one aspect of the obstetric dilemma. To adapt to bipedal locomotion, the infant is 
born at an earlier stage of development (Washburn, 1960). 
The obstetric dilemma is a series of hypotheses to explain the relationship between the 
pelvis, neoteny, and locomotor efficiency. The concept that human altriciality is a result of the 
constraints in the human pelvis serves as one of these hypotheses. Because of the narrow birth 
canal, evolution truncates the gestation period of the neonate in order to facilitate birth. 
However, this leads to an altricial infant; one needing of constant care. However, alternate 
explanations for human altriciality have been offered. This includes the metabolic hypothesis, 
which states that labor begins when the energetic needs of the fetus surpass the ability of the 
mother to meet those demands (Dunsworth, 2016). 
Nevertheless, birth is still a difficult process. Given the difficulties of human birth, it has 
long been believed that there must be some morphological remnant of the birthing process in 
humans. After all, life experiences and physical activity tend to map themselves onto the human 
skeleton. Pathology, trauma, diet, and others factors can have a demonstrable effect on bone. 
Whether there is a relationship between parturition and bone that can be gleaned after the 
individual passed has yet to be seen. Currently, there are three plausible explanations for how 
and why the skeleton may respond to the stress of labor and childbirth.  
First, the biomechanical process of birth can stimulate bone remodeling at muscle and 
ligament attachment sites, or simply skeletal regions subject to significant strain forces during 
the birth process. Second, pelvic scarring may be the endocrine response to hormonal changes 
during the birth process itself. Endocrine factors are systemic actors in skeletal growth and 
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remodeling, and may therefore induce more “indirect” effects on the skeleton. Third, metabolic 
or energetic demands of pregnancy and possibly post-pregnancy may create these scars, in which 
these markers may be the result of an evolved response, mediated by the endocrine system of 
indirect costs associated with birth, of extracting resources from skeletal tissue. In short, 
parturition scars might be a direct effect of birth (biomechanical response), a primary indirect 
effect (endocrine changes associated with birth), or a secondarily indirect effect (endocrine 
mediated response based on energetic demands associated with birth and lactation). Other variant 
or combinatorial hypotheses are possible, but the above classification gives us a basic starting 
point for understanding this process. 
1.2 Biomechanics of Human Birth 
Little is known regarding the direct biomechanics of birth. After all, the methods for 
gathering direct data on biomechanical processes can not be performed during active labor. 
Studies have been performed of primates performing birth in MRIs to get a better understanding 
of the physiological process of birth, but these do not allow for direct measurement of 
biomechanical forces acting on the skeleton or other connective tissue. Naturally, no similar 
studies have been performed with humans. Nevertheless, supposed methods of parturition 
determination rely on the effects of scarring during pregnancy. Namely, these methods rely on 
the assertion that, due to the stress of labor and birth, the pelvic bones have to remodel to 
accommodate the stress of these events.  
These scars on the pelvis may be musculoskeletal stress markers (MSM). Research 
regarding MSM has mostly focused on habitual, repetitive, or occupation-related activity to 
explain differential morphology at muscle attachment sites (Godde & Taylor, 2011). Although 
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the nature of this relationship warrants future research, osteocytes sense the presence of 
mechanical stress. As a result of mechanical stress, osteocytes stimulate bone formation to 
strengthen bone tissue to reduce the likelihood of fracture (Department of Oral Cell Biology & 
Bakker, 2012).  
However, most research regarding bone formation as a result of mechanical loading has 
focused on the appendicular skeleton, and there may not be a simple, direct relationship between 
muscle action and the morphology of the muscle attachment site (Zumwalt, 2006: 451). 
Therefore, research regarding MSM may not directly apply to parturition scarring. In creating 
this comparison, two plausible explanations exist for how the biomechanics of parturition may 
lead to similar stress markers as MSM.  
First, it is possible that increased loading on the pelvis as a result of increasing neonate 
weight during pregnancy would affect muscle or ligament site morphology. Previous research by 
Godde and Taylor very weakly suggests that obesity may affect the morphology of entheses in 
the upper limb. Otherwise, research regarding the relationship between weight and the 
development of MSM does not currently exist (Godde & Taylor, 2011). Due to the short time 
frame for which this increased loading occurs, it is unknown whether the pelvis would 
experience a similar effect compared to MSM in appendicular bones. In addition, the intense 
forces on the pelvis during childbirth itself may lead to variable pelvic morphology. However, it 
is unclear whether singular, intensive muscle activity or force on bone can lead to lifelong 
adaptation to the bone itself. Nevertheless, skeletal tissue is plastic, and therefore may respond to 
the forces they face during childbirth.  
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Pelvic scarring is located at the attachment sites for pelvic muscles and ligaments. The 
pelvic floor is composed of the muscles and ligaments located within the pelvic cavity. One 
aspect of the pelvic floor is the levator ani muscle, a broad thin band of muscles that is involved 
in normal urinary function and hiatal opening during delivery (Marsoosi, Jamal, Eslamian, 
Oveisi, & Abotorabi, 2015). This muscle is further divided into three component muscles: the 
puborectalis, pubococcygeus, and iliococcygeus. Each muscle attaches to the respective bone of 
the os coxa.  
Three forms of pelvic scarring have been identified as being the most likely to be 
associated with parturition. These include elongation of the pubic tubercle, dorsal pitting, and 
preauricular sulcus type. Each pelvic scar is associated with the attachment site to a muscle or 
ligament in the pelvis. The pubococcygeus muscle originates along the pubic symphysis on the 
dorsal aspect of the pubis bone (Woodburne & Burkel, 1994: 565). The inferior (arcuate) pubic 
ligament covers the pubic symphysis and the medial dorsal aspects of both pubic bones. As the 
name suggests, the ligament only covers the inferior aspect of the pubic symphysis (Netter, 1997: 
334). Both the levator ani muscle and the inferior pubic ligament attach to the sites where dorsal 
pitting is most commonly found. Dorsal pitting, a commonly cited “scar” of parturition, is found 
on this aspect of bone. They appear as shallow, circular grooves along the dorsal pubic bone and 
articulate with the pubic symphysis. 
The preauricular sulcus is the site where the anterior sacroiliac ligament attaches the 
sacrum to the iliac fossa. This ligament covers the area of the preauricular sulcus, as well as the 
area surrounding the auricular surface of the ilium (Netter, 1997; 331). The preauricular sulcus 
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variably manifests within individuals, or may not be present at all. However, it can generally be 
described as a long, shallow groove that is inferior to the auricular surface. 
The inguinal ligament attaches to the pubic tubercle, and originates from the anterior 
superior iliac spine (Netter, 1997; 333). The pubic tubercle is a forward-facing projection on the 
superior ramus of both pubic bones. The height of the pubic tubercle can be incredibly variable 
amongst individuals, where some individuals’ pubic tubercles may be prominent, while others 
may only be palpable. 
It is the inguinal ligament, anterior sacroiliac ligament, and pubococcygeus muscle that 
serve as the attachments for commonly cited “parturition” scars. Normally, the levator ani 
muscle performs to keep the urogenital hiatus closed, and compresses the distal vagina, urethra, 
and rectum behind the pubis bone. During birth, this muscle continually relaxes and contracts to 
increase vaginal closure force (Ashton-Miller & DeLancey, 2009) and is often injured during 
birth, leading to pelvic floor dysfunction (Marsoosi et al., 2015). 
Most anthropological research regarding parturition scarring has focused on the 
biomechanical response to pregnancy. Even if parturition scarring is a result of the biomechanics 
of pregnancy, it is unresolved what the nature of this relationship would be. So far, we have 
outlined that parturition scarring can be the result of musculoskeletal markers of stress, and can 
be the result of either increased loading on the pelvis through increased weight or a response to 
the extreme demands of the birth process itself. Therefore, we must also question whether these 




1.3 Metabolic and Endocrine Response to Human Birth 
The entire process of parturition, from pregnancy to labor, is an energetically demanding 
process. To ensure the healthy development of the fetus, more energy is required during 
pregnancy for gestational weight gain and healthy maintenance of the placenta and other 
maternal tissues (Committee on Nutritional Status During Pregnancy, 1989). The endocrinology 
of human pregnancy is a delicate balance between the needs of the mother and the developing 
fetus. The proper timing of endocrine related events amongst the mother, placenta, and fetus are 
critical for the healthy growth and development of the fetus, and lays the foundation for an 
uncomplicated delivery (Tal, Taylor, Burney, Mooney, & Giudice, 2000). 
Pregnancy and childbirth is a complex interaction of endocrine and metabolic demands 
on both mother and fetus. During pregnancy, multiple coordinated changes occur at the boundary 
between mother and fetus. Otherwise known as the feto-placental unit (FPU), the placenta and 
uterus function as a single anatomic unit during pregnancy. The FPU originates many of the 
hormonal and endocrine changes to the mother during pregnancy (Tal et al., 2000). It is these 
endocrine and hormonal changes that may have an indirect effect on skeletal tissue and the 
pelvic ligaments. The pelvic ligaments are classified into three categories: uterosacral, 
pubourethral, and external urethral. These ligaments consist of collagen and elastin, both of 
which are affected through pregnancy and childbirth (Petros, 2007).  
During pregnancy, the ligaments in the pelvis are loosened. Relaxin, an insulin-like 
6-kDa polypeptide hormone, plays a significant role during pregnancy and parturition (Dehghan 
et al., 2014). When relaxin binds to a tissue, collagenase is activated. Collagenase is an enzyme 
that activates bone remodeling and heals injured cartilage, tendons, and skeletal muscle. 
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Although relaxin has a demonstrable effect in catabolizing the collagen in the pubic symphysis 
of other mammals during gestation (Hashem et al., 2006), the effect of relaxin on the human 
pubic symphysis is unknown. Nevertheless, all connective tissue generate from the same stem 
cell; therefore, they may all potentially respond in a similar manner to systematic hormones. 
When researching the relationship between pelvic markers and parturition, we must first 
determine whether those pelvic markers are within the normal scope of human variation or 
whether they are evidence of pathology. The metabolic response to human birth’s effect on the 
skeleton provides reasonable evidence to believe that these markers are pathology. The site of 
dorsal pitting on the pubic bone is regular and evenly spaced. This can suggest a response to an 
energetic or metabolic demand, where in order to achieve homeostasis, the body extracts 
resources from bone.  
This pattern of evenly spaced pits is also similar to another condition: porotic 
hyperostosis, in which the individual has evenly spaced pores, usually found on the cranium or 
the orbital cavity (if found in the orbital cavity, the condition is referred to as cribra orbitalia). 
Porotic hyperostosis has historically been linked to nutrient deficiency, namely iron-deficiency 
anemia (although current research questions this relationship) (Walker, Bathurst, Richman, 
Gjerdrum, & Andrushko, 2009). Iron-deficiency anemia is a commonly found condition in 
pregnant women (although still considered a pathological, not normal, condition of pregnancy). 
Therefore, there may be some credence to reviewing some parturition markers, namely dorsal 
pitting, as a means for the body to extract resources during a particularly energetically 
demanding time.  
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However, it is best to caution a direct comparison between parturition markers and 
porotic hyperostosis. Although dorsal pitting is a similar response to porotic hyperostosis, these 
effects are differently localized. Porotic hyperostosis manifests in non-load bearing parts of the 
body (the cranium or orbital cavity). Because these areas are non-load bearing, this reduces the 
risk of fracture. However, the pelvis is load-bearing. Therefore, loss of bone density would 
increase the risk of fracture. The evenly distributed nature of dorsal pitting may suggest a similar 
causation to porotic hyperostosis, but the human skeleton responds to differential stresses in 
similar ways. 
We have outlined the ways in which the endocrine and hormonal effects of pregnancy 
may produce an indirect effect on the human os coxae. The endocrinology of pregnancy is still 
poorly understood, as is the effect of those hormonal and endocrine changes on bone. 
Considering that pregnancy and labor is a fairly dramatic shift in the normal condition, the 
human body must attempt to recalibrate itself on a systematic level, and re-establish homeostasis 
of energetic demands. The negative feedback loops on which the body uses to achieve 
homeostasis, considering Stimuli that shift the body from the normal condition will signal these 
negative feedback loops along the same pathway. Even though it is difficult to determine at the 
tissue level, especially when a detailed life history including timing of events is absent, this 
thesis attempts to determine what this evolved messaging process could manifest in pelvic bone. 
1.4 Potential Uses of a Universal Parity Determination Method 
Researchers have long debated how pregnancy may affect the human skeleton. The 
discovery of this relationship has implications in forensics and anthropology. In forensics, the 
determination of parity status in female skeletal remains can be used in the identification of that 
15 
individual (Ubelaker & De La Paz, 2012). The identification of age, sex, ancestry, race, 
pathology, or stature is used to develop a biological profile of the individual, which is then used 
to identify the missing person.  
Generally, learning this relationship between parturition and bone can lead to the 
development of a more complete biological profile of human remains. Although forensic 
anthropologists study modern populations, the development of a universal parity determination 
method is also useful in the study of past populations. Within mortuary archaeology, 
preadolescent remains can be systematically eliminated through preservation bias (Gordon & 
Buikstra, 1981; Walker, Johnson, & Lambert, 1988). Therefore, learning the parturition status of 
female remains (since they are more likely to preserve) can provide a more complete picture of 
population demographics, parental practices, and the lives of children in historic populations. 
Clearly, a universal method of determining parturition status would be incredibly 
beneficial to the field of anthropology. Over time, research has attempted to connect pelvic 
scarring to parity. Therefore, a brief overview of research regarding pelvic scarring is necessary 
to understand whether this relationship exists, and to determine new avenues of research 
regarding what causes this variable morphology (whether it is related to parity or not). 
1.5 History of Parturition Scarring Research 
In the early 20th century, the preauricular sulcus was believed to be indicative of sex or 
parturition. In 1909, D.E. Derry first proposed that the preauricular sulcus could be an indicator 
of sex (Derry, 1909). Later, he proposed that the development of the preauricular sulcus could be 
a feminine trait since it is the attachment site of the sacroiliac ligaments, and therefore, may be 
linked to pregnancy (Derry, 1911). Derry correctly noted that during pregnancy, the ligaments 
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are softened in order to facilitate movement. Therefore, the variable morphology of the 
preauricular sulcus is indicative of this increased muscle movement (Derry, 1911: 19).  
Up until the mid 19th century, the relationship between the pelvic joints and childbirth 
was undetermined. Namely, opinion fluctuated between the pelvic ligaments being rigid or 
flexible during pregnancy (Ohlsen, 1973). In 1932, E. Joyce Partridge called attention to the 
loosening of pelvic ligaments in the final months of pregnancy, which could be felt through 
palpating the pubic joint. He theorized that the loosening of these joints increased the size of the 
birth canal, easing the passage of the fetus (Partridge, 1932). Thorp and Fray soon determined in 
a case study of 78 individuals that 44% of participants experienced a widened pubic symphysis 
near childbirth (Thorp & Fray, 1938).  
After this relationship between loosening of the pelvic ligaments and pregnancy was 
established, research transitioned to studying the endocrine effects of pregnancy in the 1930’s 
and 1940s. At this time, the focus of parity research shifted to the pubic symphysis, and most 
notably, the endocrine effects of pregnancy on the pelvic ligaments. 
Although this effect was noted during childbirth, there lacked a convincing explanation 
for what caused this relaxation in the pelvic ligaments in the 1930’s and 1940’s (Ubelaker & De 
La Paz, 2012: 866). Today, it is known that the release of progesterone and relaxin contribute to 
the relaxation of these ligaments (Tal et al., 2000). In rare cases, childbirth could lead to a 
separated pubic symphysis, along with damage to other pelvic ligaments (Boland, 1933: 522). 
Therefore, the question remained whether the loosening of the pelvic joints was a normally 
mediated response, or a pathologic condition of pregnancy that led to injury. 
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Towards the end of the 1950’s, attention shifted towards dorsal pitting as a possible 
indicator of parturition. Stewart is attributed for discovering dorsal pitting and hypothesizing its 
relation to parturition. Within a population of Inuit individuals, he saw the development of 
sclerotic tissue and dorsal pitting on female, not male pelves (Stewart, 1957). In 1969, Angel 
developed a method to estimate the number of childbirths an individual experienced based on the 
degree of parturition scarring (Angel, 1969). Ubelaker & De La Paz attribute the development of 
this method to Angel’s recently acquired fascination regarding the, “forensic appeal of being able 
to associate pelvic changes with the life events of pregnancy and parturition” (Ubelaker & De La 
Paz, 2012: 867). Two years later, Angel published another report arguing that extension of the 
pubic tubercle was a marker of pregnancy. In that same report, he used his method to determine 
number of births for female individuals of the Lerna site in Greece (Angel, 1971).  
As the use of Angel’s method grew in popularity, so too did criticism against him. This 
skepticism began with Angel’s method for determining number of births, then transitioned to 
questioning whether any pelvic morphology could be related to parturition. The development of 
Angel’s method for determining number of births was established and widely used before this 
relationship was determined (Ubelaker & De La Paz, 2012). In 1973, Gilbert and McKern 
questioned Angel’s method, arguing that, although parturition may have an effect on 
morphology, it is still impossible to determine number of births through current methods (Gilbert 
& McKern, 1973).  
Towards the end of the decade, Holt’s analysis of the Hamann-Todd collection found no 
relationship between parturition scars and parturition status (Holt, 1978). Using the same 
collection, Anderson determined that the development of scars of parturition is associated more 
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with sex and pelvic flexibility, rather than parturition (Andersen, 1986). Todd, who was 
instrumental in the development of the Hamann-Todd collection, was initially skeptical of 
parturition scarring research (Todd, 1921). However, Stewart noted that most women in the 
Hamann-Todd collection were likely nulliparous, considering that if they were parous, they 
likely would have been claimed by their children instead of their fate in the collection (Stewart, 
1957). To this day, it is difficult to determine the parturition status of those within the 
Hamann-Todd collection, nor can we determine the veracity of Stewart’s allegation regarding the 
females within the collection. 
Amidst this debate, Houghton’s published study described the relationship of the 
preauricular sulcus to parous females. He outlined four types of preauricular grooves found in 
males and female pelves, and arguing that the “Groove of Pregnancy” (GP) is caused by 
pregnancy, whereas the, “Groove of Ligament” (GL) is a result of pathological changes at the 
attachment site (which may or may not be related to childbirth) (Houghton, 1974). However, 
those who support Houghton’s findings regarding the preauricular sulcus argue that the sulcus 
can not be used to determine the number of children, only if children were borne or not (Kelley, 
1979). Similarly, Putschar argues that the pubic symphysis discernibly changes as a result of 
pregnancy hormones, childbirth, age, and sex (Putschar, Walter G. J., 1976). It is well 
documented that age is reflected in the pubic symphysis (Brooks & Suchey, 1990), and that 
pregnancy hormones may affect the cartilage of the pubic symphysis (Petros, 2007). However, 
there is currently no proposed method of determining parturition status through the pubic 
symphysis. 
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One of the strongest objections to this debate was Holt’s publication in 1978. In his 
study, Holt determines that “parturition scars,” namely dorsal pitting, can also appear in male 
pelves (Holt, 1978). Additionally, Suchey’s study of 486 modern females found that, although a 
weak correlation exists between number of full term pregnancies and dorsal pitting, 17 
nulliparous females were found with medium to large pitting. Suchey et al. also attributed age as 
an important factor in the development of these pits (Suchey, Wiseley, Green, & Noguchi, 1979). 
In 1989, Margaret Cox studied the Christ Church, Spitalfields sample in order to study 
pelvic scarring. Unlike other collections, the Spitalfields sample is composed of adult females 
with known parity status through historical documentation. Results of this study suggested that 
preauricular sulcus type is independent of pregnancy and childbirth. Cox also warns that, 
although a correlation existed between one pubic pit and extended pubic tubercle with 
parturition, only an incredibly small subsample of females had actually born children. Further, 
the absence of dorsal pits was found in both parous and nulliparous females (Cox, 1989). 
Research in the last thirty years has focused less on the relationship with birth, and more 
on confounding factors that can affect the relationship between birth and the development of 
scarring. Recent research using CT imaging has found a correlation between vaginal birth and 
the presence of dorsal pitting (McArthur, Meyer, Jackson, Pitt, & Larrison, 2016). Decrausaz 
also notes that there could be population-specific differences that contribute to differential 
development of pelvic morphology (Decrausaz, 2017). 
One of the more promising avenues of research is pelvic typology as a leading reason for 
the development of pelvic scarring. Although scarring can be found in males and females, small 
females with large pelves are more likely to develop parturition scars, suggesting that pelvic 
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stability and weight-bearing might have a pronounced effect of pelvic morphology (Maass & 
Friedling, 2016). In addition, Snodgrass and Galloway determined that there was no relationship 
between pubic tubercle height and parturition. Instead, elongation of the pubic tubercle is related 
to the distance of the pubic tubercle to the pubic symphysis and the size of the arcuate angle. 
However, there was a relationship between dorsal pitting and number of births in young women, 
but dorsal pitting was correlated more with BMI in older women (Snodgrass & Galloway, 2003).  
Aurigemma found no relationship between pubic tubercle height, dorsal pitting, distance 
of the pubic tubercle, or parity status (Aurigemma, 2002). In light of the recent criticism of this 
relationship, the meta-analytic review by McFadden and Oxenham found that dorsal pitting nor 
the preauricular sulcus were significant predictors of parity. However, dorsal pitting could be a 
moderate predictor of sex (McFadden & Oxenham, 2018). 
1.6 Summary 
This thesis attempts to explain the evolutionary driver for variable markers on the pelvic 
bones. Research demonstrates that a possible relationship exists between the biomechanic, 
endocrine, and hormonal responses of pregnancy to the development of morphology on pelvic 
bone. The following investigation attempts to bridge the anthropological and biological literature 
regarding parturition and pelvic bone morphology. Anthropological literature has suggested that 
there is some relationship between this morphology and pregnancy, but has yet to explore 
whether there is any blended effect that leads to the development of pelvic scarring.  
By applying similar anthropological research methods to a collection of individuals with 
known demographic and birth information, this thesis attempts to determine whether pregnancy 
does have a demonstrable effect on pelvic morphology, and if not, what other demographic 
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characteristics may contribute to the development of historically termed, “parturition scars.” 
Current research into the relationship between parturition and pelvic morphology can not 
currently be used in forensic applications. However, exploration of other factors that lead to the 
development of pelvic morphology can providing other information towards the development of 



















CHAPTER TWO: MATERIALS, METHODS, AND RESULTS 
2.1 Materials 
The Documented Skeletal Collection is located in the Maxwell Museum of Anthropology 
in Albuquerque, New Mexico. The collection was established in 1984, and is composed of over 
300 individuals. The individual or family donates the remains to the collection, and demographic 
information including sex, age, population affinity, cause of death, health, and occupational data 
is available for the majority of these individuals (“Documented Skeletal Collection,” n.d.). 
Because this data is available for a rather large sample, the Documented Skeletal Collection 
lends itself particularly well for forensic anthropological research.  
Although the Maxwell Museum’s Documented Skeletal Collection remains a valuable 
resource for skeletal research, the collection can not be used without caution. Skeletal collections 
serve to overcome issues in the archaeological record, where a comprehensive collection of 
individuals to represent the population are difficult to find. However, collections do not always 
represent a specific population (Komar & Grivas, 2008). Any results obtained through using a 
collection must always reference the composition of individuals in that collection.  
The majority of the collection at the Maxwell Museum is composed of elderly white men 
from New Mexico. This skew in sex is fairly typical of most skeletal collections in the United 
States. Most contemporary skeletal collections received skeletal remains from a number of 
sources, including but not limited to medical school purchases of cadavers, hobbyists who collect 
remains, and remains from Native American and Civil War burial grounds (Starr, 2016: 18). 
Males were preferred for dissection in early medical schools due to their large bodies and low 
body fat (therefore easing the process of dissection for the emerging medical student) and may 
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have been easier to acquire due to their socioeconomic status (Starr, 2016: 67–68). This could 
contribute to the disparity in contemporary collections.  
However, to see a similar disparity within the Maxwell Museum’s Documented Skeletal 
Collection is rather interesting. Not only is the majority of the collection male, but it is mostly 
composed of white, elderly individuals. The increased life expectancy of Americans most likely 
contributes to the skew in age for the collection compared to other collections in the United 
States; after all, the average life expectancy of an American has changed from 47.3 to 78.7 
between 1910 and 2010 (Crimmins, 2015: 902). Unlike other contemporary collections, the 
Documented Skeletal Collection is composed of modern individuals who willingly donated their 
bodies, rather than being admitted to a collection because they were never identified. Therefore, 
the cause of this skew towards elderly white men warrants further research. Possible 
sociocultural or economics factors may influence who is comfortable or able to donate their 
bodies to the Maxwell Museum. However, this inquiry was outside the scope of the study. 
Most data regarding the individuals within the Documented Skeletal Collection is 
self-reported. Therefore, there is no means of assuring the veracity of this data. Women may 
choose to omit the truth regarding their children, or those reporting on behalf of the deceased 
may not have access to this information. In addition, the means for reporting this data has 
changed over time. In the last ten years, the Maxwell Museum’s questionnaire was changed from 
asking whether a donor had children, to asking the individual or family member how many 
children the individual had. However, this still does not reveal how these children were born 
(whether cesarean or natural birth), whether these children were premature, or any other details 
regarding pregnancy, labor, and birth. 
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2.2 Method  
The present study reviews the pelves from 106 individuals (53 females, 53 males). Age, 
sex, weight, height, race, population affinity, and parturition status is known for most 
individuals. Information for each female individual regarding number of births is presented in 
Table 1. The sample was randomly selected from the collection, while museum staff 
independently determined that males, and females (nulliparous, uniparous, and multiparous) 
were represented in the sample. Any demographic information, including parity status, was 
unknown during data collection.  
Table 1: Number of females and their respective number of births. 










Each pelvis was scored based on the severity of dorsal pitting and the character of the 
preauricular sulcus. The height of the left and right pubic tubercle was also measured. These 
three characteristics of the human pelvis have historically been measured to determine parity 
status (Ubelaker & De La Paz, 2012). For each method, a score was provided for both the left 
and right os coxa, if available for that individual. For data analysis, measurements of the right os 
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coxa were used. If a measurement of the right os coxa was not available, the left side 
measurement was used. Table 2 describes the diagnostic characteristics for the numerical scoring 
systems for dorsal pitting and the preauricular sulcus. 
Table 2: Diagnostic characteristics for scoring dorsal pitting and preauricular sulcus on an 
individual.  
Marker of Parturition Numerical Scale Description 
Dorsal Pitting 
(Decrausaz, 2014) 
0 Absence of pitting (Image 2) 
 1 Trace amount of pitting (Image 3)  
 2 Moderate amount of pitting (Image 4) 
 3 Large to severe amount of pitting  
Preauricular Sulcus 
(Houghton, 1974) 
0 Sulcus is absent (Image 5) 
 1 Groove of Pregnancy (Image 6) 
 2 Groove of Ligament (Image 7) 
 3 Wide margin with a textured floor to 
the sulcus (Image 8) 
 4 Short sulcus presenting as a tubercle 
piriformis (Image 9) 
 
The left and right pubic tubercle was measured on each individual with digital callipers, 
if possible. The pubic tubercle was only measured on individuals with pronounced pubic 
tubercles. If the pubic tubercle had posthumous damage or extensive pathology, it was excluded 
from measurement. To measure the pubic tubercle, the os coxa was viewed ventrally. The 
outside jaw of the sliding calipers was aligned with the medial aspect of the pubis and the top of 
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the pubic tubercle. The pubic tubercle is defined as the maximum projection of bone towards the 
end of the pectineal line (Appendix 1: Image 1).  
Along with pubic tubercle height measurements, the presence of dorsal pitting was 
collected for each individual. A numerical score was used to determine the severity of pitting. 
Early studies score the presence of dorsal pitting as either present or absent (Cox, 1989) or on a 
scale of absent, trace to small, or medium to large pitting (Stewart 1970; Mass and Friedling, 
2016). The present study used the scoring system devised by Decrausaz, where dorsal pitting was 
rated on a scale of 0-3, where a score of 0 indicates no dorsal pits exist on the pelvis, and a score 
of 3 represents severe pitting (Decrausaz, 2014) (Appendix 1: Images 2-4). 
The preauricular sulcus was also measured using a numerical scoring system. Each sulcus 
was graded on a scale of 0-4 as can be seen in Table 2. Houghton initially described the 
diagnostic criteria for categories 0-2 (Houghton, 1974). The Groove of Pregnancy (GP) is 
described as a series of converged, undulating pits, “as though the bone had been scooped out” 
(Houghton, 1974: 381) (Appendix 1: Image 6). The Groove of Ligament (GL) is another form of 
the preauricular sulcus and can be variable. Generally, a Groove of Ligament is short and narrow 
with an even, flat floor. However, they can also appear wider and have a rough, lateral edge, or 
appear as a series of shallow, straight grooves (Houghton, 1974: 381) (Appendix 1: Image 7).  
Houghton argues that the Groove of Ligament is the result of strong ligament attachment, 
whereas the Groove of Pregnancy is the result of pathological and physiological changes as a 
result of pregnancy and childbirth (Houghton, 1974: 383). Category 3 of the preauricular sulcus 
was described by Decrausaz as a wide, shallow sulcus that, when palpated, could feel a grainy, 
textured floor (Decrausaz, 2017: 37) (Image 8). Cox describes sulcus type 4 as a short, narrow 
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sulcus or lack of a sulcus, with the presence of a tubercle inferior to the inferior to the auricular 
surface and medial to the posterior inferior iliac spine (Cox, 1989: 152-153) (Image 9). 
Decrausaz developed the system of scoring the preauricular sulcus through combining the 
Houghton and Cox methods. Diagnostic criteria for each numerical score is presented in Table 2 
(Decrausaz, 2017).  
The measurement of skeletal bone markers lends itself to error. Due to the unusual 
morphology of the skeleton, it can be difficult to standardize measurements across different 
pelves, or even to repeat a measurement on the same pelvis. Although care was taken to use the 
same standards to measure tubercle height, intraobserver error is important to determine both the 
precision and accuracy of these measurements. To reduce error, I alone took each measurement, 
and consistently reviewed the landmarks I used. Initial measurements within the study were 
retaken to account for changes in these landmarks. Measurements of the left and right pubic 
tubercle were taken twice from each individual. If a difference of 0.5 millimeters was noticed 
between measurements, a third measurement was taken, and the two closest measurements were 
used for data analysis. 
The purpose of this study is to explore the relationship between parturition and stress 
markers on the pelvis. In order to determine this relationship, three null hypotheses were 
developed. First, there is no significant relationship between stature and the presence of dorsal 
pitting, the preauricular sulcus type, and the height of the pubic tubercle. Second, there is no 
significant relationship between sex and the presence of dorsal pitting, the preauricular sulcus 
type, and the height of the pubic tubercle. Third, there is no significant relationship between age 
and dorsal pitting, the character of the preauricular sulcus, and the height of the pubic tubercle. 
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Before determining the relationship between parturition and pelvic markers, we must first 
determine whether age, sex, or stature are confounding variables. 
Sex and age were provided for most individuals within the collection. However, stature 
was sparsely reported among the sample, and most reports of stature were estimated by the 
museum. Instead of using the data provided by the museum, femur and tibia measurements were 
taken using an osteometric board. The standards for long bone measurements used in the study 
were taken from Buikstra and Ubelaker (Ubelaker & De La Paz, 2012). Stature was estimated 
using right femoral length measurements and formulae for white (Ruff et al., 2012), 
African-American (Trotter & Gleser, 1952) and Hispanic (Genovés, 1967) individuals. 
Sex-specific formulae were also applied. If significant pathology was present on the right femur 
or if the right femur wasn’t available, the measurement of the left femur was used. If neither 
femur was available, the right tibia measurement and tibia formulae were used, followed by the 
left tibia if none of the other long bone measurements were possible. However, no tibial 
measurements were needed for stature estimates.  
Considering the nature of working with skeletal collections, often anthropologists are 
working with small samples that may not be normally distributed. In addition, the state of 
preservation amongst the pelves may not allow for certain forms of data to be collected. 
Although care is taken within the Maxwell Museum to ensure the preservation of bone, 
confounding factors including humidity, weathering, and human error can easily damage bone, 
or affect the characteristic integrity of the bone itself (i.e. friable bone). Therefore, nonparametric 
statistics were employed. 
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For a number of pelves within the collection, damage along the pubic bone, along the 
pubic tubercle, or in the area of the preauricular sulcus prevented data collection. Within the 
study, data was collected from 53 males and 53 females. Of those 53 pelves, pubic tubercle 
height could only be collected from 42 of the pelves (Appendix 2: Table 4). 
3.3 Results 
Measurements of both the left and right pubic tubercle were used for data analysis. 
Although no significant differences were expected between the left and right pubic tubercle, the 
statistical treatment of both tubercles was used to determine intra-observer error. A paired t-test 
was employed to compared the first and second measurements of each pubic tubercle. There was 
no significant difference between measurements (2-tailed t-test, df=181, p=0.0775).  
Descriptive statistics and frequency tables for the collection are presented in Appendix 2. 
Table 3 provides descriptive statistics for markers of parturition across the entire sample. Dorsal 
pitting was not well expressed within individuals of the population (m=0.44, SD=0.7292). Most 
individuals, regardless of sex or parturition status, did not present with dorsal pitting. Height of 
the left and right pubic tubercle was variable over the entire sample, where the difference in size 
between the minimum and maximum values was 10.88. However the height of the left pubic 
tubercle (m=5.996, SD=2.123) and right pubic tubercle (m=5.66, SD=2.297) were relatively 
similar. 
Table 4 provides descriptive statistics for the height of the left and right pubic tubercles 
compared to sex and parturition status. Extension of the pubic tubercle tends to be longer in 
males than females. Nulliparous females tend to have longer pubic tubercles than parous 
females. However, pubic tubercle height was more variable in nulliparous females and males. 
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Appendix 3 provides the results of data analysis. Table 5 provides the descriptive 
statistics for dorsal pitting and the preauricular sulcus compared to sex and parity status. Females 
tend to present with dorsal pitting more than males (female, m=0.8163, SD=0.8335) (male, 
m=0.0784, SD=0.3372). Additionally, parous females tend to present with dorsal pitting more 
often than nulliparous females (nulliparous, m=0.3750, SD=0.7440) (parous, m=0.902, 
SD=0.8308). However, the scoring for dorsal pitting in parous females tend to be more variable 
than in nulliparous females. 
Frequency of dorsal pitting scores and preauricular sulcus types for male and female 
individuals is found in Table 6. The Groove of Pregnancy, as described by Houghton, is most 
commonly observed in females. However, the Groove of Ligament is more likely to be observed 
in males. In addition, males overwhelmingly did not present with dorsal pitting. However, three 
males did present with dorsal pits. Most females presented with trace to medium pitting. 
Table 7 provides the frequency of dorsal pitting scores and preauricular sulcus types 
against parous and nulliparous women. Parous women overwhelmingly presented with a Groove 
of Pregnancy or Groove of Ligament over nulliparous women. However, there was one case of a 
nulliparous female presenting with a Groove of Pregnancy, and five females presenting with a 
Groove of Ligament. Parous women also presented with low scores in dorsal pitting, where out 
of 41 parous females, 16 presented with no dorsal pitting, and 16 presented with trace dorsal 
pitting. 
To determine the relationship between sex and markers of parturition, a Wilcoxon 
Rank-Sum (Mann-Whitney U) Test was performed. Table 8 includes the outcomes of this test. 
There was no significant correlation between sex and left pubic tubercle height (p=0.2099) or the 
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right pubic tubercle height (p=0.3567). In addition, there was no significant correlation between 
sex and the preauricular sulcus (p=0.9149). However, there was a strong correlation between sex 
and dorsal pitting (p=0.0000).  
To determine the relationship between stature and parturition markers as well as the 
relationship between age and parturition markers, a Pearson Rank Correlation Test was 
employed. Table 10 shows that there was no significant correlation between age and left pubic 
tubercle height (p=0.0762), right pubic tubercle height (p=0.0552), the preauricular sulcus 
(p=0.9576) or dorsal pitting (p=0.0709). In addition, there was no significant correlation between 
stature and left pubic tubercle height (p=0.0969), right pubic tubercle height (p=0.0665), the 
preauricular sulcus (p=0.6661). However, there was a significant correlation between stature and 
dorsal pitting (p=0.0000). 
Table 9 shows the results of the Wilcoxon Rank-Sum (Mann-Whitney U) test comparing 
parturition status to markers of parturition. There was no significant correlation between 
parturition status and left pubic tubercle height (p=0.8693) or right pubic tubercle height 
(p=0.9146). There was also no significant correlation between parturition status and the 
preauricular sulcus (p=0.9146) or dorsal pitting (p=0.0796).  
Despite the lack of relationship between parturition status and the presence of parturition 
markers, a Spearman Rank Correlation Test was employed to determine the relationship between 
the number of births and the presence of parturition scarring. There was no significant 
relationship between number of births and left pubic tubercle height (p=0.5686), right pubic 




CHAPTER THREE: DISCUSSION 
Previous research into parturition relies mostly on other archaeological collections, 
including the Christ Church Spitalfields Collection, a human comparative collection of historic 
individuals. Of those individuals, church records detail the parity status of mothers, including 
how many children they had (Decrausaz, 2014). However, few studies have researched how 
pelvic morphology and parturition may be related in a modern sample of individuals. This study 
into the Maxwell Museum’s Documented Skeletal Collection investigates the relationship 
between parity status and historically-termed “scars of parturition.”  
In writing a thesis, I aim to contribute to the growing body of literature arguing against 
the relationship between parturition and variable pelvic morphology. Unlike prior 
anthropological publications, I hope to illustrate the biomechanical and endocrine explanations 
for how pubic tubercle height, dorsal pitting, and the preauricular sulcus could be related to 
parturition. Despite how reasonable it may seem for the pelvic bones to react to pregnancy and 
childbirth, the relationship between these markers and parturition status has never been firmly 
established. To refer to pelvic scarring as “markers of parturition,” then, is clearly a misnomer.  
3.1 Pelvic Morphology and Parturition 
The results of the Mann-Whitney U and Pearson Rank Correlation tests determined that 
pubic tubercle height, dorsal pitting, and preauricular sulcus type are not indicative of parturition 
or number of childbirth events. This confirms the results of others who have worked with the 
same collection (Decrausaz, 2017), as well as the wider body of literature regarding parturition 
scarring in the last forty years (Aurigemma, 2002; Cox, 1989; Holt, 1978; Oxenham and 
McFadden; 2018; Snodgrass and Galloway, 2003; Suchey et al., 1979). 
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Considering that previous studies have found a relationship between these markers and 
parity status (Angel, 1969; Houghton, 1979; Kelley, 1979; Stewart, 1973), this can suggest a 
slight, but not direct relationship between parturition and pelvic morphology. At minimum, we 
can hypothesize that parturition can contribute to the development of pelvic scarring, but other 
characteristics of an individual can alter the likelihood of these markers appearing. In other 
words, parturition can have an effect on the human skeleton, but other factors, such as sex, age, 
diet, weight, or stature, may complicate parturition’s effect on bone.  
Previous research on parturition scarring has relied on the biomechanical explanation of 
parturition scarring. Namely, that the extreme stress on pelvic muscles and ligaments during 
childbirth leads to the differential development of pelvic morphology. The site of the differential 
pelvic morphology, also known as a musculoskeletal stress marker (MSM), is the osseous site as 
a result of repetitive stress (Godde & Taylor, 2011). However, “parturition” markers and 
musculoskeletal stress markers are not equally comparable. MSM relies on consistent, regular 
force at muscle attachment sites in order to stimulate bone formation. However, even this 
relationship is questionable, as activity may not influence muscle size or the morphology of a 
muscle attachment site (Zumwalt, 2006).  
Most research regarding MSM involves mechanical loading of the long bones; therefore, 
any findings regarding MSM may not be directly transferable to study of the pelvic bones. The 
first key difference involves the nature of the employed force. MSM typically involves a regular, 
increased force exerted by the muscle, thereby stimulating bone formation at the entheses. 
Childbirth, however, is a singular event of extreme force on the pelvic entheses. In addition, the 
pelvis is load-bearing, whereas the long bones typically do not bear weight. Therefore, pelvic 
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bone may not respond to the stresses of childbirth, because the pelvis is somewhat evolutionarily 
designed to withstand the difficulty of childbirth and to bear weight. Therefore, the pelvic bones 
may not stimulate bone formation to reduce the likelihood of fracture, since the pelvis is already 
evolved to withstand great force. 
The biomechanical response to childbirth is most often referenced to discuss parturition 
markers. However, the biomechanics of childbirth are not currently well understood. As 
previously mentioned, it is incredibly difficult to study the biomechanics of childbirth while 
childbirth is occuring. Although it is known that the muscles of the pelvic floor generate force to 
facilitate labor (Marsoosi et al., 2015), the sequence of biological processes that occur once 
childbirth begins are less understood.  
Furthermore, the biomechanical explanation of parturition scarring does not account for 
all variable pelvic morphology or even all typical “parturition” scars. According to the 
biomechanical explanation, the pubic tubercles are elongated because of the intense stress placed 
on the inguinal ligament. As a result of the extreme stress of childbirth, osteocytes stimulate 
bone formation on the pubic tubercle in order to reduce the risk of fracture. Following this 
reasoning, the development of dorsal pitting (i.e. decreased bone density on the ramus of the 
pubis) should increase the risk of fracture. Furthermore, the study showed that nulliparous 
females and males demonstrated longer pubic tubercles on average.  
This is in direct contradiction of expected results through the biomechanical explanation 
of parturition scarring. This explanation is further questionable especially considering the 
presence of dorsal pitting in male individuals. Additionally, Grooves of Pregnancy appeared on 
seven male individuals within the sample (Appendix 3: Table 6). It is misleading, then, to call 
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these morphological markers, “scars of parturition,” and exemplifies the unlikely reality that 
these markers can ever be used as a diagnostic tool for determining parturition status. 
The dynamic nature of the skeleton in response to life events is difficult to quantify 
through anthropological methods. This dynamic reality may not be reflected in the data we can 
collect from the human skeleton. The two most important disadvantages of current 
anthropological methods for studying parturition scarring involve the lack of a definitive 
definition of childbirth, and the subjective nature of using a scoring system. Anthropological 
methods for determining parturition scarring rely mostly on numerical scoring systems, which is 
heavily dependent on the observer’s subjective experience. Clear explanations must exist that 
define how pelvic scarring may appear, in addition to providing clear photographic evidence of 
the several variations in pelvic morphological markers.  
In addition to the difficulty in finding a sample of individuals with known parturition 
status (Maass & Friedling, 2016: 121), no studies have properly addressed how anthropologists 
should be referring to childbirth. If scarring is a result of an indirect endocrine response because 
of the energetic demands of pregnancy, then how we categorize “childbirth,” becomes more 
important. If women experience miscarriage or premature birth, then the endocrine effects of 
pregnancy can vary amongst individuals.  
As previously mentioned, how individuals publicly disclose their parturition status to a 
collection before donation may vastly differ from their biological reality. Individuals may not 
wish to report miscarriage, premature birth, or other complications in pregnancy despite the 
differential hormonal and metabolic effects that may occur. How we categorize childbirth also 
has a significant effect even when considering the biomechanical explanation of parturition 
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scarring. Decreased neonate size in premature birth may reduce the biomechanical stress on the 
pelvic ligaments and muscles. In addition, some births may not be recorded or reported at all.  
Pregnancy and childbirth is an intricate matrix of complex reactions between the 
biomechanical realities of birth, the hormonal responses of pregnancy, and the energetic 
demands of pregnancy and childbirth. Through anthropological methods alone, it will remain 
incredibly difficult to determine the relationship between pregnancy, childbirth, and pelvic bone. 
Although pelvic scars can not be used to infer parturition status, it is certainly likely that 
parturition can still contribute to the development of pelvic scarring. However, a better 
understanding of the biomechanical processes of childbirth and the interaction of hormonal 
changes, metabolic demand, and pelvic bone is desperately needed before initiating any 
discussion of a possible method for inferring parturition status. 
3.2 Pelvic Morphology, Sex, and Stature 
Before discussing how these significant correlations contribute to our understanding of 
parturition and its effect on pelvic bone, it is important to situate these findings with the sample 
itself. Out of the sample of 53 females, only 9 were nulliparous (Appendix 3: Table 5). In 
addition, data could not be collected from all of these individuals due to taphonomic damage on 
some of the pelves. Although contemporary skeletal collections have expanded the breadth of 
possible research into the human skeleton, anthropological research is still limited. Limitations 
include small sample sizes and often the inability to find skeletal remains that can serve as a 
reference population or control group. Considering the incredibly small sample of nulliparous 
females, any significant correlations drawn from this sample should be viewed with caution. 
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Although parturition can not be inferred through pelvic scarring, it was interesting to note 
that dorsal pitting overwhelmingly appears in female rather than male individuals. This strong 
correlation with sex has previously been reported, and previously suggested that parturition 
scarring is more predictive of sex than parturition (Suchey et al., 1979). However, it is possible 
that if parturition is causing pelvic scarring, this can explain how sex is a predictive factor. 
However, this is not the case. Studies where there is no demonstrated relationship between 
parturition and dorsal pitting have found evidence to suggest that sex may have an effect on 
dorsal pitting within the same sample (Maass & Friedling, 2016; McFadden & Oxenham, 2018). 
This suggests that the effect sex may have on pelvic scarring is independent of parturition. 
In addition, it was surprising to find that stature had an incredibly strong effect on the 
development of dorsal pitting. Cox found that stature influenced the development of parturition 
scarring in male individuals (Cox, 1989). Decrausaz recently suggested that broader-bodied 
individuals may display pelvic scarring, and established that pelvic canal size and body size are 
associated with pelvic scarring (Decrausaz, 2014: 92). Although speculative, the significant 
correlation between stature, sex, and dorsal pitting reflects research that suggests, instead of 
parturition, pelvic stability and architecture may influence the development of pelvic scarring. 
Females have a greater range of motion in the pelvis, rotation of the sacrum, and expansion of 
pelvic articulations than males, suggesting that pelvic scarring can be a result of excessive pelvic 
movement (Andersen; 1986: iv). 
This could also explain the slight correlation some studies have found between parturition 
and pelvic scarring, considering that loosening of the pelvic ligaments is a well-documented 
effect in the later months of pregnancy. More recent research has investigated the relationship 
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between obesity, pelvic dimensions, and pelvic architecture on the development of pelvic 
scarring (Decrausaz, 2014; Godde and Taylor, 2011). Therefore, pelvic stability and architecture 






















The aim of this study was twofold: to evaluate the relationship between parturition and 
pelvic scarring, and to identify other confounding variables that may influence the development 
of pelvic scars. It also contributes to the growing body of literature that pelvic scarring can not be 
used for forensic or diagnostic purposes for determining parturition status. The results of this 
study found no conclusive relationship between parturition and pelvic scarring. In addition, the 
study established possible confounding factors that may influence the development of pelvic 
scarring (namely sex and stature on the development of dorsal pitting). 
Future Areas of Research 
Throughout this thesis, I have identified multiple areas of future research in order to 
better understand the development of variable pelvic morphology and the biological realities of 
pregnancy in the human skeleton. These areas of research are outlined below: 
1. Reporting biases in self-reported data for contemporary skeletal collections. 
2. Potential explanations for the Maxwell Museum’s Documented Skeletal Collection’s 
skew towards elderly white men. 
3. The effect of both typical and atypical childbirth or pregnancy conditions (e.g. premature 
birth or miscarriage) on the development of pelvic scarring. 
4. The biomechanical processes of human childbirth. 
5. The potential effects of pelvic architecture and stability on the development of pelvic 
scarring. 
The last forty years of anthropological research has attempted to establish a direct 
relationship between parturition and pelvic scarring without success. Although the development 
40 
of a universal parturition determination method would have innumerable benefits in the field of 
archaeology and forensics, this method is unlikely to involve pelvic scarring. However, pelvic 
scarring is still a fascinating variable trait amongst individuals, and a proper explanation for the 
development of these scars has yet to be discovered. The reality remains that, unless we develop 
a better understanding of the biomechanics of childbirth and the endocrine and metabolic effects 
of childbirth on bone biology, it will remain incredibly difficult to identify and test potential 
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Appendix 1: Standards for Measurement 
 
Image 1: Measurement of the pubic tubercle height on dry bone. The pubic tubercle height was measured as the distance between the 













 Image 3: Trace amount of dorsal pitting (score of 1). It is marked with a slight series of depressions on the margin of the pubic 






 Image 4: Moderate amount of dorsal pitting (score of 2). Deeper depressions that can be both seen and palpated along the margin of 












 Image 6: Right ilium with a deep groove of pregnancy. A groove of pregnancy is marked by a series of depressions that form a 

























 Appendix 2: Descriptive Statistics and Frequency Tables 
Table 3: Descriptive statistics for markers of parturition. 
 N Mean S.D. Min. Max. 
Pubic Tubercle Height (Left) 86 5.996 2.123 0.96 11.11 
Pubic Tubercle Height (Right) 87 5.66 2.297 1.55 11.84 
Dorsal Pitting 100 0.44 0.7292 0 3 
Preauricular Sulcus 101 1.436 1.108 0 4 
 
Table 4: Descriptive statistics for pubic tubercle height compared against sex and parity status. 
 N Mean S.D. Min. Max. N Mean S.D. Min. Max. 
 Male Female 
Pubic Tubercle Height (Left) 45 6.271 1.787 1.87 9.73 41 5.695 2.426 0.96 11.11 
Pubic Tubercle Height (Right) 45 5.723 1.733 2.27 9.88 42 5.592 2.799 1.55 11.84 
 Nulliparous Parous 
Pubic Tubercle Height (Left) 8 5.761 2.358 3.22 11.11 33 5.678 2.478 0.96 10.8 








 Table 5: Descriptive statistics for dorsal pitting and preauricular sulcus compared against sex and parity status. 
 N Mean S.D. Min. Max. N Mean S.D. Min. Max. 
 Male Female 
Dorsal Pitting 51 0.0784 0.3372 0 2 49 0.8163 0.8335 0 3 
Preauricular Sulcus 51 1.471 1.270 0 4 50 1.4 0.9258 0 4 
 Nulliparous Parous 
Dorsal Pitting 8 0.3750 0.7440 0 2 41 0.902 0.8308 0 3 



















 Table 6: Frequency of markers of parturition in males and females. 
  Frequency 
 Numerical Score Males Females 
Dorsal Pitting 0 48 21 
1 2 17 
2 1 10 
3 0 1 
Preauricular Sulcus 0 16 8 
1 7 20 
2 22 17 
3 0 4 













 Table 7: Frequency of markers of parturition amongst parous and nulliparous females. 
  Frequency 
 Numerical Score Parous Nulliparous 
Dorsal Pitting 0 16 5 
1 16 0 
2 9 1 
3 1 0 
Preauricular Sulcus 0 6 1 
1 19 1 
2 12 5 
3 4 0 













 Appendix 3: Data Analysis 
 
Table 8: Results of Wilcoxon Rank-Sum (Mann-Whitney U) Test comparing sex to pelvic morphology. 






Left Pubic Tubercle Height 
Female 41 1638.5 1783.5    
Male 45 2102.5 1957.5    
Combined 86 3741 3741 13375.11 -1.254 0.2099 
 
Right Pubic Tubercle Height 
Female 42 1739.5 1848    
Male 45 2088.5 1980    
Combined 87 3828 3828 13859.12 -0.922 0.3567 
 
Preauricular Sulcus 
Female 50 2535 2550    
Male 51 2616 2601    
Combined 101 5151 5151 19715.54 -0.107 0.9149 
 
Dorsal Pitting 
Female 49 3118 2474.5    
Male 51 1932 2575.5    








 Table 9: Results of Wilcoxon Rank-Sum (Mann-Whitney U) Test comparing parity status to pelvic morphology. 
 Parity 
Status 






Left Pubic Tubercle Height 
Nulliparous 8 163 168    
Parous 33 698 693    
Combined 41 861 861 923.84 -0.165 0.8693 
 
Right Pubic Tubercle Height 
Nulliparous 9 197 193.5    
Parous 33 706 709.5    
Combined 42 903 903 1064.16 0.107 0.9146 
 
Preauricular Sulcus 
Nulliparous 9 249.5 229.5    
Parous 41 1025.5 1045.5    
Combined 50 1275 1275 1399.56 0.535 0.5929 
 
Dorsal Pitting 
Nulliparous 8 139.5 200    
Parous 41 1085.5 1025    











 Table 10: Results of Spearman Rank Correlation Test comparing stature, age, and number of pregnancies to pelvic morphology. 





Pubic Tubercle Height (Left) 86 0.1802 0.0969 
Pubic Tubercle Height (Right) 87 0.1976 0.0665 
Preauricular Sulcus 101 -0.0435 0.6661 




Pubic Tubercle Height (Left) 85 -0.1934 0.0762 
Pubic Tubercle Height (Right) 86 -0.2075 0.0552 
Preauricular Sulcus 100 0.0054 0.9576 




Number of Pregnancies 
Pubic Tubercle Height (Left) 40 0.0929 0.5686 
Pubic Tubercle Height (Right) 41 0.2381 0.1339 
Preauricular Sulcus 49 -0.1804 0.2149 
Dorsal Pitting 48 0.1677 0.2544 
 
 
 
 
